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ABSTRAK
Thermal pre-treatmentGLEHULNDQSDGD OLPEDK WDQDPDQ MDJXQJGHQJDQ WXMXDQXQWXNPHPHFDKNDQNDQGXQJDQ OLJQLQ
\DQJ WHUGDSDWSDGD OLPEDK WDQDPDQ MDJXQJVHKLQJJDPHPXGDKNDQPLNURRUJDQLVPHDQDHURELNXQWXNPHQJNRQYHUVL
SROLPHU\DQJEHUXSDVHOXORVDGDQKHPLVHOXORVDPHQMDGLELRJDV7XMXDQGDULSHQHOLWLDQ LQLDGDODKXQWXNPHODNXNDQ
NDMLDQPHQJHQDLSHQHUDSDQthermal pre-treatment SDGDOLPEDKWDQDPDQMDJXQJWHUKDGDSSURVHVDQDHURELNGLJHVL\DQJ
PHOLSXWLH¿VLHQVLSURVHVGLJHVLGDQSURGXNVLELRJDV\DQJGLKDVLONDQ3HQHOLWLDQLQLGLODNXNDQGHQJDQPHQJJXQDNDQ
UHDNWRU WLSHbatch \DQJ VXKXQ\D GLSHUWDKDQNDQSDGD NRQGLVLmesophilic DWDX GL DWDV UDWDUDWD VXKX NDPDU  
o&+DVLO SHQHOLWLDQ GLSHUROHK EDKZD thermal pre-treatment \DQJ GLEHULNDQ SDGD OLPEDK WDQDPDQ MDJXQJPDPSX
PHPSHUFHSDWSURVHVSURGXNVLELRJDVSDGDKDULSHUWDPDVHKLQJJDGDSDWPHQJXUDQJLlag-phase SDGDSURVHVDQDHURELN
GLJHVL/LPEDKWDQDPDQMDJXQJ\DQJGLEHULNDQthermal pre-treatmentPHQJDODPLSHUODPEDWDQSURGXNVLELRJDVSDGD
KDULNHGHQJDQ UDWDUDWD WRWDOSURGXNVLP/XQWXN OLPEDK WDQDPDQ MDJXQJ\DQJGLEHULNDQ thermal pre-
treatmentVHODPDPHQLWGDQP/XQWXNOLPEDKWDQDPDQMDJXQJ\DQJGLEHULNDQthermal pre-treatment selama 
PHQLWVHGDQJNDQOLPEDKWDQDPDQMDJXQJ\DQJWLGDNGLEHULNDQpre-treatmentPHQJKDVLONDQSURGXNVLELRJDVVHEHVDU
P/SDGDKDULNH3URGXNVLELRJDVKDULDQWHUWLQJJLWHUMDGLSDGDVXEVWUDW\DQJGLEHULNDQthermal pre-treatment 
PHQLWGHQJDQSURGXNVLELRJDVWHUWLQJJLSDGDKDULNHGHQJDQUDWDUDWDSURGXNVLVHEHVDUP/6XEVWUDW\DQJ
diberikan thermal pre-treatmentPHQLWMXJDPHPSURGXNVLELRJDVMDXKOHELKWLQJJLP/SDGDKDULNHMLND
GLEDQGLQJNDQGHQJDQVXEVWUDWWDQSDGLEHULNDQpre-treatment\DQJKDQ\DPHPSURGXNVLELRJDVVHEHVDUP/'DWD
KDVLOSHQHOLWLDQPHQXQMXNNDQEDKZDOLPEDKWDQDPDQMDJXQJ\DQJGLEHULNDQthermal pre-treatmentPHPSHUROHKbiogas 
yield OHELKWLQJJLGDULSDGD\DQJWLGDNGLEHULNDQpre-treatmentGLPDQDP/Jvolatile solids untuk thermal pre-
treatment PHQLWP/Jvolatile solids untuk thermal pre-treatmentPHQLWGDQP/Jvolatile solids 
XQWXNOLPEDKWDQDPDQMDJXQJ\DQJWLGDNGLEHULNDQpre-treatment.
Kata kunci: Thermal pre-treatment, limbah tanaman jagung, anaerobik digesi, biogas
ABSTRACT
7KHUPDOSUHWUHDWPHQWZDVJLYHQRQFRUQVWRYHULQWKHSXUSRVHRIEUHDNLQJWKHOLJQLQFRQWHQWWKXVLWPD\KHOSDQDHURELF
PLFURRUJDQLVPVWRFRQYHUWSRO\PHULQFOXGLQJFHOOXORVHDQGKHPLFHOOXORVHVLQWRELRJDV7KLVVWXG\DLPHGWRLQYHVWLJDWH
WKHHIIHFWVRIWKHUPDOSUHWUHDWPHQWRQFRUQVWRYHULQDQDHURELFGLJHVWLRQSURFHVVUHODWHGWRWKHSURGXFWLRQRIELRJDV
DVZHOODVGLJHVWLRQSURFHVVHI¿FLHQF\7KLVUHVHDUFKZDVFDUULHGRXWE\XWLOL]LQJEDWFKUHDFWRUVZKHUHWKHWHPSHUDWXUH
ZDVPDLQWDLQHGDWPHVRSKLOLFFRQGLWLRQVDERYHURRPWHPSHUDWXUHo&%DVHGRQWKHUHVXOWLWZDVNQRZQWKDW
WKHUPDO SUHWUHDWPHQW JLYHQ RQ WKH FRUQ VWRYHUPD\ HQKDQFH DQDHURELF GLJHVWLRQ SURFHVV IRU ELRJDV SURGXFWLRQ DW
WKH¿UVWGD\V7KLVFRQGLWLRQUHGXFHGWKHWLPHRIODJSKDVHGXULQJDQDHURELFGLJHVWLRQ7KHELRJDVSURGXFWLRQRI
FRUQVWRYHUJLYHQWKHUPDOSUHWUHDWPHQWZDVVORZDWGD\VZKHUHWKHLUDYHUDJHWRWDOSURGXFWLRQZHUHP/
P/DWDQGPLQXWHVWKHUPDOSUHWUHDWPHQWUHVSHFWLYHO\ZKLOHELRJDVSURGXFWLRQRIQRQSUHWUHDWHGFRUQ
VWRYHUZDVP/7KHKLJKHVWGDLO\ELRJDVSURGXFWLRQZDVDFFRPSOLVKHGE\FRUQVWRYHUWKDWZDVJLYHQWKHUPDO
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PENDAHULUAN
6HFDUDXPXPOLPEDKWDQDPDQMDJXQJ\DLWXOLPEDKKDVLO
SDQHQ WDQDPDQ MDJXQJ \DQJ GLWLQJJDONDQ VHWHODK ERQJJRO
DWDXEXDK MDJXQJQ\DGLSHWLN\DQJ WHUGLULGDULEDWDQJGDXQ
WRQJNRO GDQ NXOLW MDJXQJ 5HJLRQDO $JURQRPLVW 
/LPEDK WDQDPDQ MDJXQJ corn stover MXJD PHUXSDNDQ
ELRPDVVDOLJQRVHOXORVD\DQJWHUGLULGDULEHEHUDSDNRPSRQHQ
SHQ\XVXQQ\D\DLWXOLJQLQVHOXORVDGDQKHPLVHOXORVD&KHQJ
GNN  PHQJXQJNDSNDQ EDKZD VHEDJDL ELRPDVVD
OLJQRVHOXORVD OLPEDK WDQDPDQ MDJXQJ WHUGLUL GDUL 
OLJQLQVHOXORVDGDQKHPLVHOXORVD6HEDJDL
biomassa lignoselulosa, limbah tanaman jagung memiliki 
SRWHQVLXQWXNGLJXQDNDQVHEDJDLEDKDQEDNXfeedstockSDGD
SURVHVSURGXNVLELRHQHUJL:DODXSXQSURGXNVLHQHUJLDOWHUQDWLI
GDSDWMXJDGLSHUROHKGDULELRPDVVDGDQSURGXNKDVLOSHUWDQLDQ
ODLQQ\D DNDQ WHWDSL SURGXNVL HQHUJL GHQJDQ PHQJJXQDNDQ
bahan baku limbah tanaman jagung lebih menguntungkan 
NDUHQD EDKDQ EDNXQ\D WHUVHGLD GDODP MXPODK \DQJ EHVDU
WDQSD KDUXV EHUNRPSHWLVL GHQJDQ NHEXWXKDQ EDKDQ SDQJDQ
VHSHUWLPHPSURGXNVL HQHUJL DOWHUQDWLI GHQJDQPHQJJXQDNDQ
VLQJNRQJMDUDNSDJDU\DQJPHPEXWXKNDQZDNWXWDQDPELD\D
SURGXNVLVHUWDODKDQWDQDP86'2(
:DLVK GNN  PHQ\DWDNDQ EDKZD ELRJDV \DQJ
GLSURGXNVL GDUL DQDHURELN UHDNWRUPHQJKDVLONDQ NDQGXQJDQ
PHWDQ \DQJ WLQJJL GLEDQGLQJNDQ GHQJDQ ELRJDV \DQJ
GLKDVLONDQ GDUL WXPSXNDQ VDPSDK GDQ OLPEDK \DQJ DGD GL
ODSDQJDQ 6HODPD SURVHV DQDHURELN GLJHVL DGD EHEHUDSD
MHQLVJDV\DQJGLKDVLONDQ.RPSRVLVLELRJDV\DQJGLKDVLONDQ
GDUL SURVHV DQDHURELN GLJHVL WHUGLUL GDUL  VDPSDL 
PHWDQVDPSDLGHQJDQNDUERQGLRNVLGDVHUWDJDV
JDV ODLQQ\D VHSHUWLKLGURJHQVXO¿GDGDQDPPRQLD +DQVHQ
2003).
Proses anaerobik digesi dengan menggunakan limbah 
WDQDPDQMDJXQJVHEDJDLFRVXEVWUDWGDSDWWHUKDPEDWGHQJDQ
DGDQ\DNDQGXQJDQOLJQLQ6HSHUWL\DQJWHODKGLNHWDKXLEDKZD
NDQGXQJDQ OLJQLQ \DQJ WHUGDSDW SDGD OLPEDK MDJXQJ WLGDN
GDSDW WHUXUDL VHODPDSURVHV DQDHURELNGLJHVL +HQGULNVGDQ
=HHPDQ  :DQJ GDQ 6FKPLGW  +DO LQL WHUMDGL
VHODPDSURVHVKLGUROLVLVGLPDQDPLNURRUJDQLVPHVHUWDHQ]LP
HNVWUDVHOXOHUWHUKDODQJROHKNRPSRQHQOLJQLQVHKLQJJDWLGDN
PDPSX PHQJDNVHV QXWULVL \DQJ WHUGLUL GDUL VHOXORVD GDQ
KHPLVHOXORVDXQWXNGLNRQYHUVLNDQPHQMDGLJXOD5XELDGNN
2011).
$QDHURELNFRGLJHVLGDSDWPHQLQJNDWNDQSURVHVGLJHVL
GDULEHEHUDSDOLPEDK\DQJPHQJDQGXQJNDUERKLGUDWSURWHLQ
GDQOHPDN\DQJPXQJNLQWLGDNGDSDWWHUXUDLGHQJDQPXGDK
'DUZLQ GNN  0RQGUDJyQ GNN  %HEHUDSD
SHQHOLWLDQWHUGDKXOXWHODKPHQJXQJNDSNDQEDKZDDQDHURELN
GLJHVL \DQJ GLODNXNDQ GHQJDQ EHEHUDSD MHQLV FRVXEVWUDW
VHSHUWL OLPEDK EDWDQJ MDJXQJ OLPEDK WDQDPDQ JDQGXP
MHUDPL SDGL switchgrass PDPSX PHQLQJNDWNDQ SURGXNVL
ELRJDV GDQ PHWDQ GHQJDQ MXPODK \DQJ VDQJDW VLJQL¿NDQ
&UROODGNN'DUZLQGNN*RQWXSLOGNN
3HQDPEDKDQFRVXEVWUDWPDPSXPHQLQJNDWNDQmethane 
yield\DQJPHUXSDNDQMXPODKWRWDOJDVPHWDQ\DQJGLKDVLONDQ
dibagi dengan jumlah kandungan volatile solids EDKDQ\DQJ
digunakan, dimana methane yield\DQJGLKDVLONDQVHNLWDU
VDPSDLNDOL OLSDWGLEDQGLQJNDQGHQJDQDQDHURELNGLJHVL
\DQJKDQ\DPHQJJXQDNDQOLPEDKPDQXUHVDSL&UROODGNN
/RGNN
%LRJDV PHUXSDNDQ VXDWX SURGXN \DQJ GLSHUROHK GDUL
KDVLOSURVHVSHQJXUDLDQEDKDQEDKDQRUJDQLN\DQJGLODNXNDQ
ROHK PLNURRUJDQLVPH :DLVK GNN  2VKR 
PHQ\HEXWNDQ EDKZD IHUPHQWDVL GDUL OLPEDK ELRORJL VHUWD
manure \DQJ GLSHUROHK GDUL SURVHV SHWHUQDNDQ \DQJ WHUGLUL
GDUL XULQH GDQ IHVHV SDGD WHPSDW WHUWXWXS WDQSD DGDQ\D
udara dan menghasilkan gas sebagai hasil dari aktivitas 
PLNURRUJDQLVPHGLVHEXWGHQJDQELRJDV+DOLQLEHUDUWLEDKZD
ELRJDVPHUXSDNDQSURGXNDNKLUGDULIHUPHQWDVLPLNURELRORJL
DWDX SURGXN GDUL SURVHV PHWDEROLVPH \DQJ GLODNXNDQ ROHK
bakteri methanogenic1DJ\DQG6]DEy
5XELDGNNPHQ\DWDNDQEDKZDEDNWHULhydrolitic 
PHQJXUDLNDQVXEVWUDWVDQJDWODPEDWVHODPDSURVHVDQDHURELN
GLJHVL\DQJGLVHEDENDQROHKDGDQ\DVWUXNWXUNLPLDGDQ¿VLND
\DQJVDQJDWNHUDVGDULEDKDQEDKDQELRPDVVDOLJQRVHOXORVD
8QWXN PHQJKLQGDUL SHQ\XPEDWDQ SDGD GLJHVWHU VHUWD
PHQJXUDQJL UHVLNR NHJDJDODQ SDGD SURVHV DQDHURELN
GLJHVL NDUHQD VXOLWQ\D PLNURRUJDQLVPH PHPHFDKNDQ GDQ
menghancurkan substrat dari biomassa lignoselulosa maka 
SHUOXGLODNXNDQSHQJHFLODQXNXUDQGDULfeedstock\DQJDNan 
digunakan. 
SUHWUHDWPHQWDWPLQXWHVP/&RUQVWRYHUJLYHQZLWKPLQXWHVWKHUPDOSUHWUHDWPHQWDOVRJHQHUDWHGKLJKHU
GDLO\ELRJDVSURGXFWLRQDWGD\P/FRPSDUHGZLWKFRUQVWRYHUWKDWZDVQRWSUHWUHDWHGP/7KLVUHVHDUFK
DOVRUHYHDOHGWKDWFRUQVWRYHUJLYHQWKHUPDOSUHWUHDWPHQWUHDFKHGKLJKHUELRJDV\LHOGFRPSDUHGZLWKQRQSUHWUHDWHG
FRUQVWRYHUZKHUHWKHLUELRJDV\LHOGZHUHP/JYRODWLOHVROLGVDGGHGDWDQGPLQXWHVWKHUPDOSUH
WUHDWPHQWUHVSHFWLYHO\DQGP/JYRODWLOHVROLGVDGGHGRIQRQSUHWUHDWHGFRUQVWRYHU
Keywords7KHUPDOSUHWUHDWPHQWFRUQVWRYHUDQDHURELFGLJHVWLRQELRJDV
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)DNWRUXWDPD\DQJPHPSHQJDUXKLSURGXNVLELRPHWDQ
SDGD SURVHV DQDHURELN GLJHVL ELRPDVVD OLJQRVHOXORVD \DLWX
sifat-sifat intrinsik dari biomassa itu sendiri, serta aktivitas 
PLNURRUJDQLVPH\DQJWHUGDSDWGLGDODPGLJHVWHU3URVHVpre-
treatment WHUKDGDS ELRPDVVD OLJQRVHOXORVD VDQJDW SHQWLQJ
dilakukan sebelum bahan tersebut dimasukan ke dalam reaktor 
DQDHURELN3URVHV LQLSHQWLQJGLODNXNDQXQWXNPHPHFDKNDQ
UDQWDL SROLPHU PHQMDGL PROHNXO \DQJ OHELK NHFLO VHKLQJJD
PHPXGDKNDQ PLNURRUJDQLVPH XQWXN PHPSHUROHK GDQ
PHQJNRQYHUVLVHOXORVDPHQMDGLELRJDV:DQJGDQ6FKPLGW
2010). Dengan melakukan pre-treatment maka struktur dari 
ELRPDVVDOLJQRVHOXORVDDNDQGLSHFDKNDQVHKLQJJDNRPSRQHQ
GDULELRPDVVD\DQJPHQJDQGXQJJXODDNDQPXGDKGLDNVHVROHK
PLNURRUJDQLVPH DQDHURELN :DQJ GNN  =KDQJ GDQ
=KLTLQPHQ\HEXWNDQEDKZDSHQJHFLODQXNXUDQVHFDUD
PHNDQLV GDSDW PHPEDQWX SHQLQJNDWDQ SURVHV ELRGHJUDGDVL
ROHKPLNURRUJDQLVPHGLPDQDGHQJDQPHODNXNDQSHQJHFLODQ
ukuran dindLQJVHOGDULELRPDVVDDNDQGLSHFDKNDQVHKLQJJD
NRPSRQHQNRPSRQHQRUJDQLN\DQJPXGDKWHUXUDLDNDQOHELK
mudah diakses oleh mikroorganisme.
Thermal pre-treatment PHUXSDNDQ PHWRGH \DQJ
sangat menjanjikan dan memiliki berbagai keuntungan 
XQWXN GLWHUDSNDQ SDGD SURVHV NRQYHUVL OLPEDK ELRPDVVD
OLJQRVHOXORVDPHQMDGLELRHQHUJL+DOLQLNDUHQDthermal pre-
treatmentGDSDWPHPHFDKNDQNDQGXQJDQOLJQLQSDGDOLPEDK
ELRPDVVDOLJQRVHOXORVDWDQSDPHPHUOXNDQWDPEDKDQEDKDQ
EDKDQNLPLDVHSHUWLVRGLXPKLGURNVLGDVHKLQJJDSHQHUDSDQ
PHWRGH LQL VDQJDW HNRQRPLV XQWXN GLWHUDSNDQ 6WXGL \DQJ
GLODNXNDQ ROHK /HL GNN  PHQJXQJNDSNDQ EDKZD
SHQHUDSDQ hydrothermal pre-treatment SDGD ELRPDVVD MHQLV
KHUEDO GDSDW PHQJRSWLPDONDQ SURVHV KLGUROLVLV GLPDQD
GHQJDQ GLEHULNDQQ\D thermal pre-treatment SDGD OLPEDK
ELRPDVVD PDND DNDQ PHPSHUPXGDKNDQ SURVHV KLGUROLVLV
GDODP PHQJNRQYHUVL VHQ\DZD NRPSOHN VHSHUWL VHOXORVD
PHQMDGLNRPSRQHQVHGHUKDQDVHSHUWLJXOD
6WXGL \DQJ GLODNXNDQ ROHK $OYLUD GNN 
PHQJXQJNDSNDQ EDKZD SHQHUDSDQ thermal pre-treatment 
SDGD OLPEDK ELRPDVVD OLJQRVHOXORVD XQWXN GLNRQYHUVLNDQ
PHQMDGL ELRHQHUJL VDQJDW GLDQMXUNDQ NDUHQD GLDQJJDS
sebagai metode pre-treatment OLPEDK ELRPDVVD \DQJ DPDQ
GDQ UDPDK WHUKDGDS OLQJNXQJDQNDUHQD WLGDNPHQLQJJDONDQ
UHVLGX EDKDQEDKDQ NLPLD \DQJ GDSDWPHUXVDN OLQJNXQJDQ
Thermal pre-treatmentGHQJDQPHQJJXQDNDQDLUSDQDV MXJD
GLNHWDKXL GDSDWPHQLQJNDWNDQ SHUXEDKDQ VWUXNWXU ¿VLN GDUL
ELRPDVVD OLJQRVHOXORVD VHKLQJJD GDSDW PHQJRSWLPDONDQ
SURVHV KLGUROLVLV XQWXN PHQJKDVLONDQ JXOD 0RVLHU GNN
/HL GNN 3HUXEDKDQSHUXEDKDQ VWUXNWXU¿VLND
GDUL ELRPDVVD OLJQRVHOXORVD \DQJ GLEHULNDQ SHUODNXDQ
thermal pre-treatment GHQJDQ PHQJJXQDNDQ DLU SDQDV
PHOLSXWLSHQJXUDQJDQVWUXNWXUNULVWDODWDXNDQGXQJDQOLJQLQ
SHQLQJNDWDQ SURVHV HQ]LPDWLV SDGD WDKDSDQ KLGUROLVLV
SHQLQJNDWDQ XNXUDQ SRULSRUL ELRPDVVD OLJQRVHOXORVD
VHKLQJJD PHPXGDKNDQ HQ]LPHQ]LP KLGUROLVLV GDODP
PHQJDNVHVVHOXORVDXQWXNVHODQMXWQ\DGLNRQYHUVLNDQPHQMDGL
JXOD:DOFKGNN0RNGNNGrethlein, 1985). 
Dengan demikian pre-treatment SDGD OLPEDK WDQDPDQ
MDJXQJSHUOXGLODNXNDQXQWXNPHOXQDNNDQVHUWDPHPHFDKNDQ
OLJQLQ VHKLQJJD PLNURRUJDQLVPH GDSDW GHQJDQ PXGDK
mengkonversikan selulosa dan hemiselulosa menjadi gula dan 
XQWXNVHODQMXWQ\DGLNRQYHUVLNDQPHQMDGLELRJDV2OHKNDUHQD
LWXSDGDSHQHOLWLDQLQLGLODNXNDQthermal pre-treatment SDGD
limbah tanaman jagung dengan berbagai variasi waktu untuk 
PHQLQJNDWNDQ H¿VLHQVL SDGD SURVHV DQDHURELN GLJHVL GDODP
PHPSURGXNVLELRJDV
METODE PENELITIAN
Bahan dan Alat
%DKDQEDKDQ \DQJ GLSHUJXQDNDQ DGDODK OLPEDK
WDQDPDQ MDJXQJ \DQJ GLSHUROHK GDUL SHUNHEXQDQ UDN\DW GL
'HVD/DPEHXJDN.HFDPDWDQ.XWD&RW*LOH$FHK%HVDUGDQ
LQRNXOXP\DQJGLJXQDNDQVHEDJDLstarterXQWXNPHPSHUFHSDW
SURVHVDQDHURELNGLJHVLGDODPPHPSURGXNVLELRJDVGLSHUROHK
GDUL GLJHVWHU VHPL NRQWLQX \DQJ GLRSHUDVLNDQ SDGD NRQGLVL
steady state GHQJDQ VXKX GLSHUWDKDQNDQ SDGD NRQGLVL
mesophilic DWDX GL DWDV UDWDUDWD VXKX NDPDU    o&
3HUDODWDQ \DQJ GLJXQDNDQ GDODP SHQHOLWLDQ LQL DQWDUD ODLQ
S+PHWHU RYHQ XQWXNPHQJXNXU NDGDU DLU GDQ WRWDO VROLGV
bahan, furnace untuk mengukur volatile solids, hammer mill 
XQWXN SHQJHFLODQ XNXUDQ OLPEDK WDQDPDQ MDJXQJ NHULQJ
water displacement gasmeter XQWXNPHQJXNXU ELRJDV \DQJ
dihasilkan, thermostatic waterbath XQWXN WHPSDW UHDNWRU
DQDHURELN EHURSHUDVL FRURQJ funnel), anaerobik digester 
EHUXNXUDQOLWHUJHODVXNXUSODVWLNXQWXNSHUVLDSDQEDKDQ
syringe XQWXN VWLPXODVL SHQJHOXUDQEDKDQKDVLO GLJHVL VHUWD
DODWSHQXQMDQJSHQHOLWLDQODLQQ\D
Pengisian Bahan (Material Loading) ke dalam Reaktor
/DQJNDK SHQJLVLDQ EDKDQ NH GDODP DQDHURELN UHDNWRU
DGDODK VHEDJDL EHULNXW  /LPEDK KDVLO SDQHQ WDQDPDQ
MDJXQJ \DQJ GLSHUROHK EHUXSD WRQJNRO EDWDQJ GDQ GDXQ
GLNHULQJNDQ WHUOHELK GDKXOX NDGDU DLU    
NHPXGLDQ GLODNXNDQ SHQJHFLODQ XNXUDQ   PP GHQJDQ
PHQJJXQDNDQDODWSHQJJLOLQJhammer mill). Limbah jagung 
\DQJVXGDKGLJLOLQJNHPXGLDQGLODNXNDQDQDOLVLVtotal solids 
dan volatile solids-Q\D$QDOLVLV LQLGLSHUOXNDQNDUHQDSDGD
SURVHVDQDHURELNGLJHVLNDQGXQJDQvolatile solids dari limbah 
ELRPDVVD MXJD PHUHSUHVHQWDVLNDQ NDQGXQJDQ RUJDQLN \DQJ
WHUNDQGXQJGDODPEDKDQ WHUVHEXW\DQJGDSDWGLNRQYHUVLNDQ
PHQMDGLELRJDV6FKPLGW/LPEDKWDQDPDQMDJXQJ
\DQJ VXGDK GLJLOLQJ GLODNXNDQ thermal pre-treatment \DLWX
 AGRITECH, Vol. 36, No. 1, Februari 2016
82
GHQJDQ FDUD GLPDVXNNDQ NH GDODP ZDGDK \DQJ EHULVL DLU
SDQDV GHQJDQ WHPSHUDWXUH    o& 'XUDVL SHPDQDVDQ
GLVHVXDLNDQ GHQJDQ SHUODNXDQ SHUFREDDQ \DLWX  GDQ 
PHQLW  'LODNXNDQ SHQJXNXUDQ total solids dan volatile 
solidsGDUL OLPEDK WDQDPDQ MDJXQJ\DQJVXGDKGLJLOLQJGDQ
\DQJVXGDKGLODNXNDQthermal pre-treatment, serta inokulum 
atau starter \DQJ GLJXQDNDQ ,QRNROXP \DQJ GLJXQDNDQ
SDGD SHQHOLWLDQ LQL \DLWX YY GDUL  OLWHU YROXPHNHUMD
UHDNWRU DQDHURELN \DQJ GLJXQDNDQ ,QRNXOXP LQL GLSHUROHK
dari HIÀXHQW SURVHV DQDHURELN GLJHVL OLPEDK manure VDSL
\DQJGLRSHUDVLNDQSDGDUHDNWRUVHPLNRQWLQX\DQJVXKXQ\D
MXJDGLSHUWDKDQNDQSDGDNRQGLVLmesophilic atau di atas rata-
UDWDVXKXNDPDUo&3URVHVDQDHURELNGLODNXNDQ
SDGD NRQVHQWUDVL  total solids. Persentase atau jumlah 
ELRPDVVD OLPEDK WDQDPDQ MDJXQJ \DQJ GLEHULNDQ thermal 
pre-treatment GDQ \DQJ WLGDN GLEHULNDQ pre-treatment) 
\DQJGLPDVXNNDQNHGDODPUHDNWRUGLGDVDUNDQSDGD MXPODK
LQRNXOXP  J/ GDQ ELRPDVVD  J/ ,QRNXOXP 
\DQJ GLJXQDNDQ SDGD SHQHOLWLDQ LQL PHPLOLNL NDUDNWHULVWLN
EHUXSDS+NRQVHQWUDVL total solidsGDQvolatile 
solids $GDSXQ OLPEDK WDQDPDQ MDJXQJ NHULQJ \DQJ
GLJXQDNDQ \DLWXPHPLOLNL total solids    GDQ
volatile solids
GLSHUWDKDQNDQ SDGD NRQGLVL mesophilic atau di atas rata-
UDWD VXKX NDPDU    o& 3HQJXNXUDQ SURGXNVL ELRJDV
GLODNXNDQVHWLDSKDULGHQJDQPHQFDWDWSHQLQJNDWDQOHYHOJDV
SDGDJDVPHWHU3DGDSURVHVDQDHURELNGLJHVLLQLELRJDV\DQJ
GLKDVLONDQGDULUHDNWRUGLKXEXQJNDQNHWDEXQJ\DQJEHULVLDLU
dan kemudian biogas tersebut dialirkan ke tabung gas meter. 
%LRJDV \DQJ GLDOLUNDQ NH WDEXQJ \DQJ EHULVL DLU EHUWXMXDQ
XQWXN PHPEHUVLKNDQ NDQGXQJDQ ELRJDV GDUL NRPSRQHQ
NRPSRQHQ \DQJ WLGDN GLLQJLQNDQ VHSHUWL KLGURJHQ VXO¿GD
+26GDQNDUERQGLRNVLGD&22=KDRGNN'DUZLQ
GNN  0HWRGH LQL GLWHUDSNDQ NDUHQD &22 GDQ +2S 
PHUXSDNDQNRPSRQHQGDULELRJDV\DQJOHELKPXGDKODUXWGL
GDODPDLUGLEDQGLQJNDQJDVPHWDQ=KDRGNN
Pengamatan dan Analisis
3DUDPHWHUDQDHURELNGLJHVL\DQJGLDPDWL\DLWXSURGXNVL
ELRJDV SHU KDUL SHQJXNXUDQ S+ total solids 76 volatile 
solids 96 total dissolved solids 7'6 GDQ WRWDO NMHGDKO
QLWURJHQ7.1 WHUKDGDSEDKDQ\DQJGLPDVXNNDQLQÀXHQW) 
NH GDODP UHDNWRU GDQ EDKDQ \DQJ GLNHOXDUNDQ HIÀXHQW) 
GDULUHDNWRUVHWHODKVHOHVDLQ\DSURVHVDQDHURELNGLJHVL\DQJ
GLWDQGDLGHQJDQEHUKHQWLQ\DSURGXNVLELRJDV$QDOLVDVDPSHO
LQÀXHQW dan HIÀXHQW LQL GLODNXNDQ EHUGDVDUNDQ ³PHWRGH
VWDQGDU´$3+$
'XUDVL SURVHV DQDHURELN GLJHVL VHUWD SHQJXNXUDQ
SURGXNVLELRJDVGLWHQWXNDQEHUGDVDUNDQVHEHUDSDODPDSURVHV
DQDHURELNGLJHVLGDULWLDSWLDSUHDNWRUPHQJKDVLONDQELRJDV
3HQJXNXUDQ SDUDPHWHU H¿VLHQVL GLJHVL GLSHUOXNDQ XQWXN
PHQJHWDKXL NLQHUMD GDUL WLDSWLDS UHDNWRU DQDHURELN GDODP
PHQMDODQLSURVHVDQDHURELNGLJHVL-RDQH'DUZLQGNN
SHQJXNXUDQSDUDPHWHUH¿VLHQVLGLJHVL\DQJGLODNXNDQ
SDGD SHQHOLWLDQ LQL PHOLSXWL volatile solids reduction, dan 
biogas yield.
HASIL DAN PEMBAHASAN
Produksi Biogas
Produksi biogas dari manure WDQSD SHQDPEDKDQ
feedstock limbah tanaman jagung sangat sedikit dibandingkan 
GHQJDQ SURGXNVL ELRJDV GDUL FDPSXUDQ manure VDSL GDQ
OLPEDK WDQDPDQ MDJXQJ FRGLJHVL +DVLO SHQHOLWLDQ
PHQXQMXNNDQEDKZDSURGXNVLUDWDUDWDELRJDVNXPXODWLIGDUL
manure VDSL VHODPD  KDUL PHQJDODPL SHQLQJNDWDQ \DQJ
WLGDN VLJQL¿NDQ GHQJDQ WRWDO SURGXNVL ELRJDV VDPSDL KDUL
NHDGDODKP/3URGXNVLUDWDUDWDELRJDVNXPXODWLI
dari manureVDSL\DQJGLFDPSXUNDQGHQJDQOLPEDKWDQDPDQ
MDJXQJ WDQSD pre-treatment WHUXV PHQJDODPL SHQLQJNDWDQ
GLPDQDSURGXNVLELRJDVQ\DSDGDKDULNHDGDODK
mL. Limbah tanaman jagung dengan thermal pre-treatment 
VHODPDPHQLWPHQJKDVLONDQWRWDOSURGXNVLELRJDVQ\D\DLWX
*DPEDU'LDJUDPDOLUWDKDSDQSHQHOLWLDQ
Proses Anaerobik Digesi
5HDNWRU \DQJ VXGDK GLLVLNDQ GHQJDQ VXEVWUDW \DQJ
PHOLSXWL UHDNWRU \DQJ KDQ\D EHULVL LQRNXOXP GDQ manure 
VDSL UHDNWRU \DQJ EHULVL LQRNXOXP GDQ OLPEDK WDQDPDQ
MDJXQJ\DQJWLGDNGLEHULNDQpretreatment, serta inokulum dan 
OLPEDKWDQDPDQMDJXQJ\DQJGLEHULNDQthermal pretreatment 
diletakkan di dalam thermostatic waterbath \DQJ VXKXQ\D
 AGRITECH, Vol. 36, No. 1, Februari 2016
83
P/3URGXNVLUDWDUDWDELRJDVNXPXODWLIGDULmanure 
\DQJ GLFDPSXUNDQ GHQJDQ OLPEDK WDQDPDQ MDJXQJ GHQJDQ
thermal pre-treatment VHODPD PHQLW DGDODK P/
'DUL KDVLO SHQHOLWLDQ GDSDW GLNHWDKXL EDKZD GXUDVL thermal 
pre-treatment \DQJ GLEHULNDQ SDGD OLPEDK WDQDPDQ MDJXQJ
selama 15 dan 25 menit tidak jauh berbeda untuk biogas 
\DQJGLKDVLONDQ+DVLOLQLGDSDWWHUOLKDWGDULSURGXNVLELRJDV
dari kedua variasi thermal pre-treatment\DQJPHQJKDVLONDQ
MXPODK SURGXNVL ELRJDV \DQJ KDPSLU VDPD GLPDQD WRWDO
SURGXNVL VHODPDKDULSURVHVGLJHVL\DLWXP/
menit thermal pre-treatment GDQ  P/  PHQLW
thermal pre-treatment).
tHUODUXWGLGDODPDLUVHKLQJJDPHPXGDKNDQSURVHVNRQYHUVL
OLPEDKRUJDQLN WHUVHEXWPHQMDGLELRJDV3HQHUDSDQ thermal 
pre-treatmentSDGDfeedstock \DQJPHPLOLNLWLQJNDWNHNHUDVDQ
\DQJ WLQJJL MXJD VDQJDW PHPSHQJDUXKL SHQLQJNDWDQ ODMX
SURVHV SHQJXUDLDQ NDQGXQJDQ EDKDQEDKDQ RUJDQLN VHODPD
SURVHVDQDHURELNGLJHVL%RXJULHUGNN
Berdasarkan Gambar 2, substrat dari manure \DQJ
GLFDPSXU OLPEDK WDQDPDQ MDJXQJ GHQJDQ thermal pre-
treatmentGDQPHQLWPHQJDODPLSHQLQJNDWDQMXPODK
SURGXNVL ELRJDV \DQJ VLJQL¿NDQ ELOD GLEDQGLQJNDQ VXEVWUDW
\DQJ WLGDN GLODNXNDQ thermal pre-treatment +DO LQL GDSDW
WHUOLKDWMHODVEDKZDVHODPDSURVHVDQDHURELNGLJHVLGDULKDUL
SHUWDPDVDPSDLKDULNHSURGXNVLELRJDV\DQJGLKDVLONDQ
GDUL VXEVWUDW \DQJ GLEHULNDQ thermal pre-treatment lebih 
WLQJJLMLNDGLEDQGLQJNDQGHQJDQVXEVWUDW\DQJWLGDN
diberikan thermal pre-treatment+DVLOLQLPDVLKVHGLNLWOHELK
UHQGDK MLND GLEDQGLQJNDQ GHQJDQ EHEHUDSD KDVLO SHQHOLWLDQ
\DQJWHODKGLODNXNDQROHK*DYDODGNNGDQ%RXJULHU
GNN  \DQJ PHQJXQJNDSNDQ DGDQ\D SHQLQJNDWDQ
SURGXNVL ELRJDV VHNLWDU  SDGD VXEVWUDW OXPSXU DNWLI
\DQJGLEHULNDQthermal treatmentSDGDVXKXo&
3HQLQJNDWDQ SURGXNVL ELRJDV WHUMDGL NDUHQD WLQJJLQ\D
ODMX SURVHV KLGUROLVLV \DQJ WHUMDGL SDGD VXEVWUDW \DQJ
diberikan thermal pre-treatment dibandingkan dengan 
VXEVWUDW\DQJWDQSDGLEHULNDQpre-treatment, sehingga di awal 
SURVHVDQDHURELNGLJHVLGDULVXEVWUDW\DQJGLEHULNDQthermal 
pre-treatmentGDSDWPHQJKDVLONDQELRJDV\DQJ OHELK WLQJJL
+DOLQLVHVXDLGHQJDQVWXGL\DQJGLODNXNDQROHK:DQJGNN
 \DQJ PHQ\DWDNDQ EDKZD GHQJDQ PHPEHULNDQ pre-
treatmentSDGDOLPEDKELRPDVVDOLJQRVHOXOORVDPDNDVWUXNWXU
GDULELRPDVVDOLJQRVHOXORVDDNDQPXGDKGLSHFDKNDQVHKLQJJD
NRPSRQHQ GDUL ELRPDVVD \DQJ PHQJDQGXQJ VHOXORVD DNDQ
PXGDK GLDNVHV ROHK PLNURRUJDQLVPH DQDHURELN :DQJ
GNN 0RVLHU GNN /HL GNN 'DUL KDVLO
SHQHOLWLDQMXJDGDSDWGLNHWDKXLEDKZDSURGXNVLELRJDVKDULDQ
WHUWLQJJL WHUMDGL SDGD VXEVWUDW \DQJ GLEHULNDQ thermal pre-
treatment PHQLW GHQJDQ SURGXNVL ELRJDV WHUWLQJJL SDGD
KDUL NH  GHQJDQ UDWDUDWD SURGXNVL VHEHVDU P/ 3DGD
KDUL NH VXEVWUDW \DQJ GLEHULNDQ SUHWUHDWPHQW  PHQLW
MXJDPHPSURGXNVLELRJDV MDXKOHELK WLQJJLP/MLND
GLEDQGLQJNDQGHQJDQVXEVWUDWWDQSDGLEHULNDQpre-treatment 
\DQJKDQ\DPHPSURGXNVLELRJDVVHEHVDUP/
3HQHUDSDQ thermal pre-treatment \DQJ GLEHULNDQ
SDGD OLPEDK WDQDPDQ MDJXQJ MXJD GDSDW PHPSHUPXGDK
mikroorganisme anaerobik untuk menguraikan kandungan 
EDKDQRUJDQLNVHODPDSURVHVDQDHURELNGLJHVL+DOLQLWHUMDGL
NDUHQD OLJQLQ \DQJ WHUNDQGXQJ GL GDODP OLPEDK WDQDPDQ
MDJXQJ WHODK EHUNXUDQJ DNLEDW GDUL SURVHV thermal pre-
treatment VHKLQJJD VXEVWUDW \DQJ WHUVHGLD VHSHUWL VHOXORVD
GDSDW OHELK FHSDW GLPDQIDDWNDQ ROHK PLNURRUJDQLVPH
*DPEDU3URGXNVL ELRJDV GDUL VXEVWUDW \DQJ GLEHULNDQ thermal 
pre-treatmentWDQSDpre-treatment dan manureVDSL
'DUL NHHPSDW MHQLV VXEVWUDW \DQJ GLEHULNDQ SDGD
DQDHURELNUHDNWRU WRWDOSURGXNVLELRJDV WHUWLQJJLVHODPD
KDUL SURVHV GLJHVL GLSHUROHK GDULmanure GHQJDQ FDPSXUDQ
OLPEDK WDQDPDQ MDJXQJ WDQSDpre-treatment P/
+DO LQLGLNDUHQDNDQ MXPODKEDKDQPDNDQDQ VXEVWUDW\DQJ
dibutuhkan oleh mikroorganisme sulit untuk didegradasikan 
NDUHQDPHPLOLNL NDQGXQJDQ OLJQLQ \DQJ WLQJJL ROHK NDUHQD
WLGDN GLODNXNDQQ\D thermal pre-treatment, sehingga jumlah 
EDKDQPDNDQDQELVDEHUWDKDQOHELKODPDGDQVHFDUDEHUWDKDS
substrat tersebut dikonsumsi oleh mikroorganisme untuk 
PHQLQJNDWNDQ SURGXNVL ELRJDV 7RWDO SURGXNVL ELRJDV GDUL
VXEVWUDW \DQJ WLGDN GLEHULNDQ thermal pre-treatment KDQ\D
EHUNLVDU  OHELK WLQJJL GDUL WRWDO SURGXNVL ELRJDV SDGD
VXEVWUDW \DQJGLEHULNDQ thermal pre-treatment$NDQ WHWDSL
MLND GLOLKDW SDGD*DPEDU  GDSDW GLNHWDKXL EDKZD VXEVWUDW
\DQJ WLGDN GLEHULNDQ pre-treatment memiliki waktu lag 
phase \DQJOHELKSDQMDQJMLNDGLEDQGLQJNDQGHQJDQVXEVWUDW
\DQJ WHODK GLEHULNDQ thermal pre-treatment +DVLO LQL MXJD
VHVXDLGHQJDQSHQHOLWLDQ\DQJGLODNXNDQROHKBougrier dkk. 
 \DQJ PHQJXQJNDSNDQ EDKZD SHQHUDSDQ thermal 
pre-treatmentSDGDVXVEWUDW\DQJEHUXSDOXPSXUDNWLIXQWXN
SURVHV DQDHURELN GLJHVL MXJD GDSDW PHQLQJNDWNDQ SURGXNVL
ELRJDV 3HQLQJNDWDQ YROXPH SURGXNVL ELRJDV LQL EHUNDLWDQ
GHQJDQSHQLQJNDWDQMXPODKEDKDQEDKDQRUJDQLN\DQJPXGDK
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XQWXN PHQJKDVLONDQ ELRJDV 6HWHODK EHEHUDSD KDUL SURVHV
anaerobik digesi, nutrisi di dalam reaktor berkurang sehingga 
PLNURRUJDQLVPH PHQJDODPL NHNXUDQJDQ PDNDQDQQ\D GDQ
PHQJDNLEDWNDQSURGXNVLELRJDVMXJDLNXWPHQXUXQ
0HVNLSXQOLPEDKWDQDPDQMDJXQJ\DQJWHODKGLEHULNDQ
thermal pre-treatment PHQJKDVLONDQ WRWDO SURGXNVL ELRJDV
OHELKVHGLNLWMLNDGLEDQGLQJNDQGHQJDQ\DQJWLGDNGLEHULNDQ
pre-treatment $NDQ WHWDSL SURVHV DQDHURELN GLJHVL \DQJ
diberikan thermal pre-treatment tidak memerlukan waktu 
\DQJ ODPD KDO LQL WHUMDGL NDUHQD WHUMDGLQ\D SHQLQJNDWDQ
ODMX SURVHV KLGUROLVLV SDGD OLPEDK WDQDPDQ MDJXQJ \DQJ
telah diberikan thermal pre-treatment VHKLQJJD SURGXNVL
ELRJDVGDSDWGLWLQJNDWNDQGDODPZDNWX\DQJFHSDW'HQJDQ
SHPEHULDQ thermal pre-treatment SDGD OLPEDK WDQDPDQ
MDJXQJ MXJD GDSDWPHQLQJNDWNDQ H¿VLHQVL SURVHV DQDHURELN
GLJHVLVHKLQJJDEDNWHULGDSDWGHQJDQFHSDWPHQJNRQYHUVLNDQ
VHOXORVD PHQMDGL ELRJDV +DVLO LQL VHVXDL GHQJDQ
SHQHOLWLDQ \DQJ WHODK GLODNXNDQ ROHK /HL GNN  \DQJ
PHQJXQJNDSNDQ EDKZD SHQHUDSDQ thermal pre-treatment 
GHQJDQPHQJJXQDNDQDLUSDQDVSDGDELRPDVVDOLJQRVHOXORVD
DNDQPHQLQJNDWNDQODMXSURVHVKLGUROLVLVXQWXNPHQJNRQYHUVL
VHOXORVDPHQMDGLNRPSRQHQVHGHUKDQD\DQJEHUXSDJXODGDQ
VHODQMXWQ\D SURGXN KDVLO KLGUROLVLV LQL DNDQ GLNRQYHUVLNDQ
PHQMDGLSURGXNIHUPHQWDVLVHSHUWLDONRKROGDQvolatile fatty 
acids, \DQJNHPXGLDQDNDQGLNRQYHUVLNDQPHQMDGLJDVPHWDQ
SDGDWDKDSSURVHVPHWKDQRJHQHVLV
Parameter Anaerobik Digesi
Tabel 1 dan Tabel 2 menunjukkan bahwa secara 
NHVHOXUXKDQSURVHVDQDHURELNGLJHVL\DQJGLODNXNDQEHUMDODQ
GHQJDQVWDELOKDOLQLGDSDWGLNHWDKXLGDULQLODLS+GDULNHGXD
SURVHV GLJHVL \DQJ PHQGHNDWL SDGD UHQWDQJ S+ RSWLPXP
XQWXN SURGXNVL ELRJDV PHODOXL SURVHV DQDHURELN GLJHVL
%HUGDVDUNDQ OLWHUDWXU S+ RSWLPXP XQWXN SURGXNVL ELRJDV
WHUMDGLSDGDUHQWDQJS+GDQ'LQDPDUFDGNN
&KHQJ'DUL7DEHOGDSDWGLOLKDWEDKZDS+LQÀXHQW
dari anaerobik co-digesi limbah tanaman jagung dan manure 
VDSL FXNXS UHQGDK \DLWX  5HQGDKQ\D S+ NDUHQD SDGD
saat ditambahkan limbah organik ke dalam reaktor anaerobik 
PDND NHFHQGHUXQJDQ \DQJ DNDQ WHUMDGL \DLWX DGDQ\D
SHQLQJNDWDQWLQJNDWNHDVDPDQSDGDFDPSXUDQOLPEDKRUJDQLN
di dalam digester. Peningkatan keasaman ini juga disebabkan 
DGDQ\DSHQLQJNDWDQSURGXNVL volatile fatty acidsSDGDculture 
DWDXFDPSXUDQGLGDODPUHDNWRUGLPDQDVHWHODKPHQJDODPL
SURVHV KLGUROLVLV GLODQMXWNDQ SDGD SURVHV DFLGL¿NDVL \DQJ
PHQJNRQYHUVL SURGXN KDVLO GDUL WDKDSDQ KLGUROLVLV \DQJ
EHUXSD VHQ\DZD VHGHUKDQD VHSHUWL JXOD PHQMDGL EHEHUDSD
NRPSRQHQvolatile fatty acids VHSHUWLDVDPSURSLRQDWDVDP
EXWLUDWGDQDVDPDVHWDW&KHQJ3DGDWDKDSDQSURVHV
DFLGL¿NDVLLQLMXJDPHQJKDVLONDQSURGXNDONRKROVHSHUWLHWDQRO
+DQGNN6HWHODKPHODOXLSURVHVDFLGL¿NDVLvolatile 
fatty acids tersebut terurai menjadi asam asetat, hidrogen dan 
NDUERQGLRNVLGD \DQJ VHODQMXWQ\D SDGD WDKDS DNKLU SURVHV
DQDHURELNGLJHVL\DLWXWDKDSDQPHWKDQRJHQHVLVGLPDQDDVDP
DVHWDW GDUL KDVLO SURVHV DFHWRJHQHVLV GLNRQYHUVLNDQPHQMDGL
ELRJDV\DQJWHUGLULGDULJDVPHWDQGDQNDUERQGLRNVLGD+DO
LQL MXJDGDSDWGLOLKDWSDGD7DEHOGLPDQDS+HIÀXHQWdari 
anaerobik co-digesi limbah tanaman jagung dan manureVDSL
PHQLQJNDWPHQMDGL  GLPDQD S+ LQL WHUPDVXN SDGD S+
RSWLPXPXQWXNSURGXNVLELRJDV
7DEHO$QDOLVLVVDPSHOSDUDPHWHULQÀXHQWVHEHOXPSURVHVDQDHURELNGLJHVL
1R Substrat
Parameter
S+ TDS PJ/ 76 96
7.1
PJ/
1 ManureVDSL 6,55 1050 1,13 ± 0,12 56,79 ±  0,79 155,06
2 Manure VDSLGDQOLPEDKWDQDPDQMDJXQJWDQSDpre treatment 5,83 1680  78,79 ±  3,06 
3
ManureVDSLGDQOLPEDKWDQDPDQ
jagung dengan thermal pre treatment 
15 menit
6,72 1380 2,81 ± 0,08 76,16 ±  0,33 386,87

ManureVDSLGDQOLPEDKWDQDPDQ
jagung dengan thermal pre treatment 
25 menit
6,5  2,73 ± 0,13  
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0HVNLSXQ DQDHURELN GLJHVL manure VDSL PHPLOLNL
S+ \DQJ PHQGHNDWL RSWLPXP XQWXN SURGXNVL ELRJDV DNDQ
WHWDSL DQDHURELN GLJHVL \DQJ KDQ\D PHQJJXQDNDQ manure 
VDSL VHEDJDL VXEVWUDW WXQJJDO WLGDN PHPLOLNL FXNXS QXWULVL
\DQJGLEXWXKNDQROHKEDNWHULDQDHURELNXQWXNPHQJKDVLONDQ
ELRJDV+DOLQLGDSDWWHUOLKDWGDULUHQGDKQ\DNDQGXQJDQtotal 
solids 76 GDQvolatile solids 96GDULmanure VDSL \DLWX
sebesar 76GDQ966HGDQJNDQ
anaerobik digesi manure VDSL \DQJ GLWDPEDKNDQ OLPEDK
tanaman jagung sebagai co-substrate memiliki kandungan 
total solids dan volatile solids lebih tinggi dari anaerobik 
GLJHVLGHQJDQKDQ\DPHQJJXQDNDQmanure VDSL1LODL total 
solids dan volatile solids dari anaerobik digesi manure VDSL
\DQJ GLWDPEDKNDQ OLPEDK WDQDPDQ MDJXQJ \DLWX VHEHVDU
   76 GDQ    96 8QWXN VXEVWUDW
FDPSXUDQGDULmanureVDSLGDQOLPEDKWDQDPDQMDJXQJ\DQJ
telah diberikan thermal pre-treatment 15 menit, memiliki 
kandungan total solids dan volatile solids sebesar 2,81 ± 0,08 
76 GDQ   96 3DGD VXEVWUDW FDPSXUDQ GDUL
manureVDSLGDQOLPEDKWDQDPDQMDJXQJ\DQJWHODKGLEHULNDQ
thermal pre-treatment 25 menit, memiliki kandungan total 
solids dan volatile solids VHEHVDU76GDQ
96
Parameter Total Dissolved Solids7'6SDGDNHHPSDW
SURVHVDQDHURELNGLJHVLMXJDWHUMDGLSHQLQJNDWDQGDULVHEHOXP
PHQJDODPL SURVHV DQDHURELN GLJHVL LQÀXHQW) dan setelah 
PHQJDODPL SURVHV DQDHURELN GLJHVL HIÀXHQW). Peningkatan 
NDQGXQJDQ7'6WHUMDGLNDUHQDSDGDSURVHVDQDHURELNGLJHVL
PHQJDODPL SURVHV SHQJXUDLDQ VHQ\DZD RUJDQLN NRPSOHNV
PHQMDGL PROHNXOPROHNXO VHGHUKDQD \DQJ ODUXW GDODP
air \DQJ VHODQMXWQ\D GLJXQDNDQ XQWXN SURVHV SURGXNVL
ELRJDV -D\DNRG\ GNN . TDS dari anaerobik co-
digesi limbah tanaman jagung dan manure VDSL MXJD OHELK
WLQJJL GLEDQGLQJNDQ GHQJDQ DQDHURELN GLJHVL \DQJ KDQ\D
menggunakan manureVDSLVHEDJDLVXEVWUDWWXQJJDO7DEHO
dan Tabel 2). 
Untuk Total Kjedahl Nitrogen 7.1 SDGD DQDHURELN
digesi manureVDSLMXJDPHQJDODPLSHQLQJNDWDQGDUL
PJ/PHQMDGLPJ/3HQLQJNDWDQ7.1WHUMDGLNDUHQD
DQDHURELN GLJHVL \DQJ KDQ\D PHQJJXQDNDQ manure VDSL
PHPLOLNLNDSDVLWDVEXIIHU\DQJ UHQGDK VHKLQJJDDNXPXODVL
DPPRQLDGDSDWWHUMDGLGLGDODPUHDNWRUDQDHURELN\DQJSDGD
DNKLUQ\D GDSDWPHQJKDPEDW SURVHV DQDHURELN GLJHVL XQWXN
menghasilkan biogas. Pada anaerobik co-digesi limbah 
tanaman jagung dan manure VDSL GLPDQDNDQGXQJDQ7.1
WHUMDGL VHGLNLW SHQXUXQDQGDUL PJ/PHQMDGL
PJ/3HQXUXQDQ7.1SDGDSURVHVDQDHURELNGLJHVLGHQJDQ
menggunakan limbah tanaman jagung sebagai co-substrat 
WHUMDGL NDUHQD DGDQ\D SHQLQJNDWDQ NDSDVLWDV EXIIHU VHODPD
SURVHV VHKLQJJD GDSDW PHQLQJNDWNDQ NHVWDELODQ SURVHV
anaerobik digesi untuk mengurangi resiko kegagalan akibat 
akumulasi ammonia di dalam reaktor anaerobik sehingga 
SDGD DNKLUQ\D GDSDWPHQLQJNDWNDQ SURGXNVL ELRJDV %DQNV
GDQ+XPSKUH\V3HUEHGDDQWHUMDGLMXJDSDGDVXEVWUDW
\DQJ GLEHULNDQ thermal pre-treatment GLPDQD 7.1 GDUL
NHGXD VXEVWUDW \DQJ WHODK GLEHULNDQ thermal pre-treatment 
PHQJDODPL VHGLNLW SHQLQJNDWDQ VHWHODK PHQJDODPL SURVHV
DQDHURELN GLJHVL $GDQ\D SHQLQJNDWDQ NDQGXQJDQ 7.1
NDUHQD SURVHV SHQJXUDLDQ VXEVWUDW VDQJDW FHSDW WHUMDGL
GLDZDODZDO SURVHV DQDHURELN GLJHVL \DQJ GLWDQGDL GHQJDQ
SHQLQJNDWDQ SURGXNVL ELRJDV *DPEDU  \DQJ NHPXGLDQ
GLLNXWLGHQJDQSHQXUXQDQSURGXNVLELRJDVSHUKDULQ\DVHWHODK
OHELKGDULKDULSURVHVGLJHVL3HQXUXQDQSURGXNVLELRJDV
WHUMDGL NDUHQD DGDQ\D SHQJXUDQJDQ MXPODK QXWULVL \DQJ
WHUVHGLDDNLEDWWLQJJLQ\DODMXSHQJXUDLDQQXWULVLGLDZDODZDO
SURVHV DQDHURELN GLJHVL 3HQLQJNDWDQ 7.1 SDGD VXEVWUDW
7DEHO$QDOLVLVVDPSHOSDUDPHWHUHIÀXHQWVHVXGDKPHQJDODPLSURVHVDQDHURELNGLJHVL
1R Substrat
Parameter
S+ TDS PJ/ 76 96 7.1PJ/
1 ManureVDSL 6,95 ± 0.02  0,976 ± 0,02 30,879 ± 12,09 
2
ManureVDSLGDQOLPEDK
WDQDPDQMDJXQJWDQSDpre 
treatment
    
3
ManureVDSLGDQOLPEDK
tanaman jagung  dengan thermal 
pre treatment 15 menit
6,73 ± 0 1975 ± 35 1,118 ± 0,07  

ManureVDSLGDQOLPEDK
tanaman jagung dengan thermal 
pre treatment 25 menit
6,85 ± 0,03 2020 ± 28 1,312 ± 0,26  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\DQJ GLEHULNDQ thermal pre-treatment juga diikuti dengan 
PHQLQJNDWQ\D QLODL S+ GDUL NHGXD VXEVWUDW \DQJ GLEHULNDQ
thermal pre-treatment.
'DUL SHQHOLWLDQ LQL MXJDGDSDW GLNHWDKXL EDKZDSURVHV
anaerobik co-digesi limbah tanaman jagung dan manure 
VDSL PDPSX PHPEHULNDQ NHXQJJXODQ GDODP PHPSURGXNVL
ELRJDV NDUHQD GDSDW PHQ\HGLDNDQ QXWULVL \DQJ FXNXS
XQWXN SHUWXPEXKDQ PLNURRUJDQLVPH methanogen dalam 
menghasilkan biogas. Anaerobik digesi manure VDSLGHQJDQ
PHQDPEDKNDQOLPEDKWDQDPDQMDJXQJMXJDGDSDWPHPEHULNDQ
SHQLQJNDWDQNDSDVLWDVEXIIHUVHODPDSURVHVDQDHURELNGLJHVL
GL GDODP UHDNWRU VHKLQJJD SURVHV DQDHURELN \DQJ WHUMDGL
menjadi lebih stabil %DQNVGDQ+XPSKUH\V
(¿VLHQVL%LRGHJUDGDVLSDGD3URVHV$QDHURELN'LJHVL
3URGXNVLELRJDVGDULSURVHVDQDHURELNGLJHVLGLSHQJDUXKL
ROHK EHEHUDSD IDNWRU GLDQWDUDQ\D \DLWX ELRGHJUDGDVL GDQ
NHWHUVHGLDDQ VHQ\DZDVHQ\DZD \DQJ WHUNDQGXQJ GL GDODP
biomassa serta kandungan OLJQLQ.DOUDGDQ3DQZDU
Biogas dan methane yield \DQJ GLSHUROHK GDUL MXPODK WRWDO
ELRJDV \DQJ GLSHUROHK SHU WLDS JUDP volatile solidV \DQJ
GLWDPEDKNDQPHUXSDNDQSDUDPHWHUGLJHVLXQWXNPHQJHWDKXL
H¿VLHQVL SURVHV ELRGHJUDGDVL GDUL SURVHV NRQYHUVL OLPEDK
organik menjadi ELRJDV/RGNN
7DEHO(¿VLHQVLELRGHJUDGDVL
Substrat 96reduction 
Biogas yield 
P/J96
Manure 66,015 137,923
Manure + limbah tanaman 
jagung 58,812 
Manure + limbah tanaman 
jagung dengan thermal pre 
treatment 15 menit
 670,39
Manure + limbah tanaman 
jagung dengan thermal pre 
treatment 25 menit
 
(¿VLHQVL SURVHV GLJHVL MXJD GDSDW GLNHWDKXL GHQJDQ
PHOLKDW SHUVHQWDVH SHQJXUDQJDQ NDQGXQJDQ volatile 
solids volatile solids reduction 3HUVHQWDVH SHQJXUDQJDQ
kandungan volatile solids GDUL SURVHV DQDHURELN FRGLJHVL
OLPEDK MDJXQJ GDQ PDQXUH VDSL \DLWX VHEHVDU 
VHGDQJNDQ SHUVHQWDVH SHQJXUDQJDQ volatile solids dari 
anaerobik digesi manure VDSL \DLWX VHEHVDU  3DGD
VXEVWUDW \DQJ GLEHULNDQ thermal pre-treatment 15 menit 
PHPLOLNLSHUVHQWDVHSHQJXUDQJDQNDQGXQJDQvolatile solids 
VHEHVDUGDQXQWXNVXEVWUDW\DQJGLEHULNDQ thermal 
pre-treatment PHQLWSHUVHQWDVHSHQJXUDQJDQNDQGXQJDQ
volatile solidsQ\D\DLWXKDQ\D 
0HVNLSXQ SURVHV DQDHURELN GLJHVL OLPEDK WDQDPDQ
MDJXQJWDQSDpre-treatmentPHPLOLNLSHUVHQWDVHSHQJXUDQJDQ
volatile solids \DQJ VHGLNLW OHELK WLQJJL MLND GLEDQGLQJNDQ
GHQJDQ OLPEDK WDQDPDQ MDJXQJ \DQJ GLEHULNDQ thermal 
pre-treatment,DNDQ WHWDSL biogas yield\DQJGLKDVLONDQGDUL
DQDHURELN GLJHVL OLPEDK WDQDPDQ MDJXQJ \DQJ GLEHULNDQ
thermal pre-treatment MDXK OHELK WLQJJL GDULSDGD biogas 
yield \DQJ GLSHUROHK GDUL OLPEDK WDQDPDQ MDJXQJ WDQSD
pre-treatment +DO LQL GDSDW WHUMDGL NDUHQD MXPODK volatile 
solids \DQJ GLXUDLNDQ ROHK EDNWHULD WLGDN VHPXDQ\D GDSDW
GLNRQYHUVLNDQPHQMDGLELRJDVNDUHQDGDODPSURVHVDQDHURELN
GLJHVL SHUXEDKDQ MDOXU PHWDEROLVPH GDODP PHQJKDVLONDQ
SURGXN DNKLU GDSDW EHUEHGD VHSHUWL DGDQ\D SHPEHQWXNDQ
EHEHUDSD MHQLV SURGXN \DQJ EHUEHGD GDUL volatile fatty 
acids DVDP DVHWDW SURSLRQDW GDQ EXWLUDW VHUWD EHEHUDSD
MHQLV DONRKRO VHSHUWL HWDQRO GDQ EXWDQRO 3DNDULQHQ GNN
=KDQJGNNBiogas yield\DQJGLKDVLONDQGDUL
PDVLQJPDVLQJ VXEVWUDW \DLWX  P/J volatile solids 
untuk thermal pre-treatmentPHQLWP/Jvolatile 
solids untuk thermal pre-treatment  PHQLW GDQ 
P/Jvolatile solidsXQWXNOLPEDKWDQDPDQMDJXQJ\DQJWLGDN
diberikan pre-treatment. 'DULKDVLOSHQHOLWLDQGLNHWDKXLEDKZD
ZDODXSXQ DGDQ\D NHFHQGHUXQJDQ SHUODPEDWDQ SURGXNVL
ELRJDV GDUL DNKLU SURVHV DQDHURELN GLJHVL OLPEDK WDQDPDQ
MDJXQJ\DQJGLEHULNDQthermal pre-treatmentWHWDSLSURGXNVL
KDULDQQ\DPDVLK WLQJJL VHKLQJJD WRWDO SURGXNVL ELRJDV GDUL
OLPEDK\DQJWLGDNGLEHULNDQpre-treatmentKDQ\DVHOLVLK
OHELKWLQJJLVHODPDKDULSURVHVDQDHURELNGLJHVL
KESIMPULAN
Thermal pre-treatment \DQJ GLEHULNDQ SDGD OLPEDK
WDQDPDQMDJXQJPDPSXPHPSHUFHSDWSURVHVSURGXNVLELRJDV
SDGDKDULSHUWDPDVHKLQJJDGDSDWPHQJXUDQJLlag-phase 
SDGDSURVHVDQDHURELNGLJHVL/LPEDKWDQDPDQMDJXQJ\DQJ
diberikan thermal pre-treatment PHQJDODPL SHUODPEDWDQ
SURGXNVL ELRJDV SDGD KDUL NH GHQJDQ UDWDUDWD WRWDO
SURGXNVLP/SDGDPHQLW thermal pre-treatment 
GDQ  P/ SDGD  PHQLW thermal pre-treatment, 
VHGDQJNDQOLPEDKWDQDPDQMDJXQJ\DQJWLGDNGLEHULNDQpre-
treatmentPHQJKDVLONDQSURGXNVLELRJDVVHEHVDUP/
SDGDKDULNH
3URGXNVL ELRJDV KDULDQ WHUWLQJJL WHUMDGL SDGD VXEVWUDW
\DQJ GLEHULNDQ thermal pre-treatment 25 menit, dengan 
SURGXNVL ELRJDV WHUWLQJJL SDGD KDUL NH GHQJDQ UDWDUDWD
SURGXNVL VHEHVDU P/ 6XEVWUDW \DQJ GLEHULNDQ thermal 
pre-treatment  PHQLW MXJD PHPSURGXNVL ELRJDV MDXK
OHELK WLQJJL  P/ SDGD KDUL NH MLND GLEDQGLQJNDQ
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GHQJDQ VXEVWUDW WDQSD GLEHULNDQ pre-treatment \DQJ KDQ\D
PHPSURGXNVL ELRJDV VHEHVDU  P/ /LPEDK WDQDPDQ
MDJXQJ \DQJ GLEHULNDQ thermal pre-treatment PHPSHUROHK
biogas yield \DQJOHELKWLQJJLGDULSDGD\DQJWLGDNGLEHULNDQ
pre-treatment GLPDQD  P/J volatile solids untuk 
thermal pre-treatmentPHQLWP/Jvolatile solids 
untuk thermal pre-treatment  PHQLW GDQ  P/J
volatile solids XQWXN OLPEDK WDQDPDQ MDJXQJ \DQJ WLGDN
diberikan pre-treatment.
SARAN
%HEHUDSD DQDOLVLV WDPEDKDQ SHUOX GLODNXNDQ SDGD
SHQHOLWLDQ ODQMXWDQ VHSHUWL DQDOLVLV NRPSRVLVL volatile fatty 
acid NDQGXQJDQ OLJQLQ VHWHODK SHPEHULDQ thermal pre-
treatmentGDQDQDOLVLVNDSDVLWDVEXIIHUGDUL WLDSWLDSculture 
\DQJDGDGLGDODPDQDHURELNUHDNWRU
UCAPAN TERIMA KASIH
7HULPD NDVLK GLVDPSDLNDQ NHSDGD'LUHNWRUDW -HQGHUDO
Pendidikan Tinggi dan Lembaga Penelitian Universitas 
6\LDK .XDOD PHODOXL SHQGDQDDQ SHQHOLWLDQ 3HQXOLV MXJD
PHQJXFDSNDQ WHULPD NDVLK NHSDGD 6XVL &KDLUDQL \DQJ
telah memberikan saran dan bantuan administrasi dalam 
SHODNVDQDDQSHQHOLWLDQ
DAFTAR PUSTAKA
$OYLUD37RPiV3HMy(%DOOHVWHURV0GDQ1HJUR0-
 3UHWUHDWPHQW WHFKQRORJLHV IRU DQ HI¿FLHQW
ELRHWKDQRO SURGXFWLRQ SURFHVV EDVHG RQ HQ]\PDWLF
K\GURO\VLV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